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METHOD AND APPARATUS FOR ACCELERATING ESTIMATION OF A RADIO MODEL OF A

BEAMFORMING ACCESS POINT

A method, apparatus and computer program

product are provided to accelerate the estimation of a
radio model of a beamforming access point within a radio
environment, such as a beamforming access point that
has been newly added to or relocated. In a method, the
presence of a first beamforming access point in a radio
environment is determined and information is obtained
regarding one or more of a plurality of beams that are

transmitted by the first access point. The method then
estimates the radio model of the first access point based
at least upon: (i) at least some of the information regard-
ing the one or more of the beams transmitted by the first
access point and (ii) signal propagation characteristics
of one or more existing access points in the radio envi-
ronment as represented by respective radio models of
the one or more existing access points.
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Description
TECHNOLOGICAL FIELD

[0001] A method, apparatus and computer program
product are provided in accordance with an example em-
bodiment in order to estimate the radio model of a beam-
forming access pointand, more particularly, to accelerate
the estimation of the radio model of a beamforming ac-
cess point, e.g., a newly deployed beamforming access
point, based upon respective radio models of one or more
existing access points within the same radio environ-
ment.

BACKGROUND

[0002] Various positioning systems have been devel-
oped for determining the position of a mobile device, such
as a smart phone or other types of user equipment. At
least some of these positioning systems utilize radio
models of wireless access points that, in turn, are based
on probe points that have been collected by a plurality
of mobile devices. The wireless access points may be
part of a cellular system, such as a Global System for
Mobile communications (GSM) system, awideband code
division multiple access (WCDMA) system, a time divi-
sion synchronous code division system multiple access
(TD-SCDMA) system, a Long Term Evolution (LTE) sys-
tem, a Long Term Evolution Advanced (LTE-A) system,
a code division multiple access (CDMA) system, a Nar-
rowBand-Internet of Things (NB-IoT) system, etc. or a
non-cellular system, such as a Wireless Local Area Net-
work (WLAN) system, a Bluetooth (BT) system, a Blue-
tooth Low Energy (BTLE) system, a Zigbee system or a
long range (LoRa) system.

[0003] In relation to the radio models of wireless ac-
cess points that are utilized by positioning systems, da-
tabases containing information regarding the radio sig-
nals received by mobile devices at different locations rel-
ative to the access points are created. The databases
are typically formed of data provided by the mobile de-
vices in the form of probe points that serve as radio fin-
gerprints. Each probe point includes an estimate of the
location of the mobile device at the time at which the radio
signals were captured and a measurement of the radio
signals that were captured. With respect to cellular sig-
nals, the measurement of the cellular signals may include
an identification of the access point, that is, the cellular
network cell, e.g., base station, that is transmitting the
cellular signals that are received by the mobile device,
such as a global and/or local identifier (ID) of the cellular
network cell. The measurement of the cellular signals
may also include a measurement of the signal strength
and/or an estimate of the path loss as well as a timing
measurement, such as a Timing Advance measurement
or a Round-Trip Time measurement. With respect to the
measurement of a non-cellular signal, the measurement
may include an identification of the access point gener-
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ating the non-cellular signals that are received by the
mobile device, such as the basic service set identifiers
(BSSIDs), e.g., a media access control (MAC) address
of the air interface of an access point, e.g., a WLAN ac-
cess point, or the service set identifier (SSID) or network
name of the access point, e.g., WLAN access point. The
measurement of a non-cellular signal also includes a
measure of the signal strength, such as the received sig-
nal strength, the Rxlevel, etc. and/or apath loss estimate.
In some embodiments, the measurement of a non-cellu-
lar signal also includes a timing measurement, such as
the Round-Trip Time measurement.

[0004] The data, such as the probe points, collected
by the plurality of mobile devices is generally uploaded,
such as to a server or the cloud. By reference to the data,
the positioning system then generates or updates radio
models of the wireless access points that define the sig-
nal characteristics of radio signals that are transmitted
by the wireless access points and received by mobile
devices at different respective locations. The radio model
may then be utilized for positioning purposes, that is, to
determine the location of a mobile device based upon
radio signals received by the mobile device at the respec-
tive location. Various radio models may be constructed
including radio models based upon the coverage areas
of the access points, radio models based upon the posi-
tions of the access points, radio propagation models, ra-
dio models based upon the Rx fields of the access points
or the like. The resulting radio models may be stored by
one or more network entities, such as by the positioning
system, and/or may be transferred to one or more of the
mobile devices.

[0005] The radio models may then be utilized to deter-
mine the position of a mobile device. For example, while
a mobile device is at an unknown location, the mobile
device may capture measurements of the cellular or non-
cellular signals transmitted by the access points. By ref-
erence to the radio models that have been constructed,
the measurements of the radio signals may be evaluated
and the location of the mobile terminal may be deter-
mined, such as based upon the coverage areas of the
access points.

[0006] Traditionally, the cellular network cells, such as
the base stations of a cellular network and the access
points of a non-cellular network have a fixed coverage
model. As shown in Figure 1, a fixed coverage model of
a wireless communication node, such as a cellular net-
work cell or a non-cellular access point, has a transmis-
sion power level distribution that is stable and static. In
this regard, Figure 1 depicts a wireless communication
node 10 having a signal antenna element transmitting in
a fixed direction. Since the transmission power level dis-
tribution is stable, the resulting coverage model 12 of the
wireless communication node is depicted to be relatively
static with the measured transmission power level around
the wireless communication node not varying over time.
[0007] However, some radiotechnologies, such as fifth
generation (5G) cellular networks and 802.11ac non-cel-
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lular networks, support beamforming. Beamforming is a
technique that utilizes an array of antennas, such as
phase-controlled antennas, that are controlled to individ-
ually transmit radio signals in a respective direction.
Rather than transmitting radio signals in all directions, a
beamforming node is configured to initially determine a
direction of interest, such as the direction of a mobile
device relative to the beamforming node, and then to
control the array of antennas so as to send and receive
astronger beam ofradio signals in the direction of interest
than in other directions. Alternatively, a beamforming
node may sequentially transmit radio signals by each of
the antennas of the phased array, thereby employing
beam sweeping such that radio signals are preferentially
transmitted and received in different directions in a pre-
defined sequence. As the direction in which a stronger
beam of radio signals is transmitted and received may
vary over time, the resulting coverage model of the beam-
forming node is dynamic. In other words, at different
times, the power level of the radio signals transmitted by
a beamforming node that are received and measured at
a particular location relative to the beamforming node
can vary significantly.

[0008] By way of example, Figure 2A depicts the cov-
erage model 14 of a beamforming node 16 at one point
in time, while Figure 2B depicts the coverage model of
the same beamforming node at a different point in time.
As illustrated, the coverage models of the same beam-
forming node differ with the radio signals being prefer-
entially transmitted and received by different antennas
of the phased array at different points in time.

[0009] The dynamic nature of the coverage model of
a beamforming node creates challenges with respect to
the generation of a radio model that is based upon radio
fingerprints collected by mobile devices at different points
in time based upon the radio signals transmitted by the
beamforming node. In this regard, the radio fingerprints
collected by a mobile device at the same location relative
to a beamforming mode may be different at different
points in time because of the changes in the coverage
model of the beamforming node. Thus, the accuracy and
reliability of the resulting radio model may be reduced in
instances in which the wireless communication nodes
include one or more beamforming nodes due to the
changing nature of the coverage model of a beamforming
node. Similarly, the location of a beamforming node that
is estimated based on the radio fingerprints including the
signal strength values of the radio signals transmitted by
the beamforming node may also be less accurate due to
the dynamic nature of the coverage model relative to a
wireless communication node having a static coverage
model.

[0010] Additionally, at least some radio environments
change over time as access points are added, moved,
e.g., relocated, or removed. In a non-cellular environ-
ment, for example, it may not be uncommon for access
points, such as WLAN access points, to be added or re-
moved from the radio environment. These changes in
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the radio environment brought about by the addition,
movement or removal of an access point alter the result-
ing radio models that are present within the radio envi-
ronment. For example, the addition of an access point
adds a further radio model to the radio environment and
the movement of an access point changes an existing
radio model within the radio environment. In order to en-
sure that the radio models can be utilized in an accurate
manner, such as to determine the position of a mobile
terminal within the radio environment, the radio models
must be redefined or updated as access points are add-
ed, moved or removed within the radio environment since
the radio model database otherwise becomes out of date.
[0011] The creation of a new radio model for an access
point thatis added to a radio environment or the updating
of a radio model for an access point that is moved within
the radio environment may take some time in order to
accumulate sufficient probe points from the respective
access points such that the radio model can be accurately
defined or updated. This delay in creating a new radio
model or updating a radio model may be particularly sub-
stantial in an instance in which the access point that is
added or moved is a beamforming access point for which
the coverage model changes over time. While the radio
model for the access point that has been added or moved
is being defined or updated, the radio models that are
utilized to determine the position of a mobile terminal may
be outdated, such as in an instance in which an access
point has moved or been relocated, or incomplete, such
as in an instance in which an access point has been add-
ed to the radio environment. In any event, the utilization
of the radio models of the access points within the radio
environment may not yield results that are as accurate
as may be desired in an instance in which a radio model
is being newly defined or updated, thereby potentially
leading to a reduction in confidence in the resulting po-
sitions determinations.

BRIEF SUMMARY

[0012] A method, apparatus and computer program
product are provided in accordance with an example em-
bodimentin orderto accelerate the estimation of the radio
model of a beamforming access point within a radio en-
vironment, such as a beamforming access point that has
been newly added to the radio environment or a beam-
forming access point that is been moved or relocated
within the radio environment. By utilizing the radio models
of other access points within the radio environment for
purposes of estimating the radio model of the beamform-
ing access point that has been newly added to or has
been relocated within the radio environment, the radio
model that is estimated in accordance with an example
embodiment may not only be more quickly defined, but
may be defined with enhanced accuracy relative to radio
models that are defined on the basis of only a few probe
points. Thus, the radio model that is estimated by the
method, apparatus and computer program product of an
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example embodiment may be utilized to reliably deter-
mine the position of a mobile terminal within the radio
environment.

[0013] In an example embodiment, a method is pro-
vided for accelerating estimation of a radio model of a
first access point. The method includes determining a
presence of the first access point in a radio environment.
The method also includes determining that the first ac-
cess point is a beamforming node and obtaining infor-
mation regarding one or more of a plurality of beams.
The plurality of beams are transmitted by the first access
point. The method further includes estimating the radio
model of the first access point based at least upon: (i) at
least some of the information regarding the one or more
of the beams transmitted by the first access point and (ii)
signal propagation characteristics of one or more existing
access points in the radio environment as represented
by respective radio models of the one or more existing
access points.

[0014] The method of an example embodiment deter-
mines the presence of the first access point by determin-
ing the presence of the first access point based at least
upon a first probe point representative of radio signals
transmitted by a respective beam from among the plu-
rality of beams transmitted by the first access point. In
this example embodiment, the method obtains informa-
tion regarding the one or more of the plurality of beams
transmitted by the first access point by obtaining infor-
mation regarding a total number of beams and an iden-
tification of the respective beam of the first access point
providing the radio signals of which the first probe point
is representative.

[0015] The method may also estimate the radio model
of the first access point by orienting the radio model of
the first access point based atleast in part upon the iden-
tification of the respective beam of the first access point
in relation to the total number of beams of the first access
point. Additionally or alternatively, the method may also
include receiving information regarding a second probe
point representative of radio signals transmitted by an-
other beam of the plurality of beams transmitted by the
firstaccess point. In this example embodiment, the meth-
od estimates the radio model of the first access point by
orienting the radio model of the first access point based
at least in part upon relative positions of the respective
beam and the another beam inrelation to the totalnumber
of beams of the first access point. The method may also
include receiving information regarding a second probe
point representative of the radio signals transmitted in
the respective beam of the first access point. In this ex-
ample embodiment, the first and second probe points are
associated with different respective locations and pro-
vide information regarding a signal strength of the radio
signals transmitted in the respective beam of the first
access point and received at the respective location. Ad-
ditionally, the method of this example embodiment esti-
mates the radio model of the first access point by esti-
mating the radio model of the first access point based at
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least in part upon the signal strength of the radio signals
represented by the first probe point and the signal
strength of the radio signals represented by the second
probe point.

[0016] The method of an example embodiment esti-
mates the radio model of the first access point by esti-
mating the radio model of the first access point based
upon at least one of a size or shape of the respective
radio models of the one or more existing access points.
In an example embodiment, the method estimates the
radio model of the first access point by estimating the
radio model of the first access point based upon at least
ashape of the respective radio models of the one or more
existing access points relative to an obstacle within the
radio environment. In this example embodiment, the ob-
stacle includes an obstacle to signal propagation within
the radio environment. The method of an example em-
bodimentdetermines thatthe firstaccess pointis abeam-
forming node by detecting that the first access point em-
ploys beam sweeping to alter signal strengths of the plu-
rality of beams transmitted by the first access point over
time.

[0017] Inanother example embodiment, an apparatus
is provided that is configured to accelerate estimation of
a radio model of a first access point. The apparatus in-
cludes processing circuitry and at least one memory in-
cluding computer program code instructions with the
computer program code instructions configured to, when
executed by the processing circuity, cause the apparatus
to determine a presence of the firstaccess pointin a radio
environment. The computer program code instructions
are also configured to, when executed by the processing
circuity, cause the apparatus to determine that the first
access point is a beamforming node and to obtain infor-
mation regarding one or more of a plurality of beams.
The plurality of beams are transmitted by the first access
point. The computer program code instructions are fur-
ther configured to, when executed by the processing cir-
cuity, cause the apparatus to estimate the radio model
of the first access point based at least upon: (i) at least
some of the information regarding the one or more of the
beams transmitted by the first access point and (ii) signal
propagation characteristics of one or more existing ac-
cess points in the radio environment as represented by
respective radio models of the one or more existing ac-
cess points.

[0018] The computer program code instructions are
configured to, when executed by the processing circuity,
cause the apparatus of an example embodiment to de-
termine the presence of the first access point by deter-
mining the presence of the first access point based at
least upon a first probe point representative of radio sig-
nals transmitted by a respective beam of the plurality of
beams transmitted by the first access point. In this ex-
ample embodiment, the computer program code instruc-
tions are also configured to, when executed by the
processing circuity, cause the apparatus to obtain infor-
mation regarding the one or more of the plurality of beams
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transmitted by the first access point by obtaining infor-
mation regarding a total number of beams and an iden-
tification of the respective beam of the first access point
providing the radio signals of which the first probe point
is representative.

[0019] The computer program code instructions are
configured to, when executed by the processing circuity,
cause the apparatus of an example embodiment to esti-
mate the radio model of the first access point by orienting
the radio model of the first access point based at least in
part upon the identification of the respective beam of the
first access pointin relation to the total number of beams
of the first access point. Additionally or alternatively, the
computer program code instructions are further config-
ured to, when executed by the processing circuity, cause
the apparatus to receive information regarding a second
probe point representative of radio signals transmitted
by another beam of the plurality of beams transmitted by
the first access point. In this example embodiment, the
computer program code instructions are also configured
to, when executed by the processing circuity, cause the
apparatus to estimate the radio model of the first access
point by orienting the radio model of the first access point
based at least in part upon relative positions of the re-
spective beam and the another beam in relation to the
total number of beams of the first access point.

[0020] The computer program code instructions are
further configured to, when executed by the processing
circuity, cause the apparatus of an example embodiment
to receive information regarding a second probe point
representative of the radio signals transmitted in the re-
spective beam of the first access point. The first and sec-
ond probe points are associated with different respective
locations and provide information regarding a signal
strength of the radio signals transmitted in the respective
beam of the first access point and received at the respec-
tive location. In this example embodiment, the computer
program code instructions are configured to, when exe-
cuted by the processing circuity, cause the apparatus to
estimate the radio model of the first access point by es-
timating the radio model of the first access point based
atleastin partupon the signal strength of the radio signals
represented by the first probe point and the signal
strength of the radio signals represented by the second
probe point.

[0021] The computer program code instructions are
configured to, when executed by the processing circuity,
cause the apparatus of an example embodiment to esti-
mate the radio model of the first access point by estimat-
ing the radio model of the first access point based upon
at least one of a size or shape of the respective radio
models of the one or more existing access points. In an
example embodiment, the computer program code in-
structions are configured to, when executed by the
processing circuity, cause the apparatus to estimate the
radio model of the first access point by estimating the
radio model of the first access point based upon at least
ashape of the respective radio models of the one or more
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existing access points relative to an obstacle within the
radio environment. In this example embodiment, the ob-
stacle comprises an obstacle to signal propagation within
the radio environment.

[0022] In a further example embodiment, a computer
program product is provided for accelerating estimation
of a radio model of a first access point. The computer
program product includes at least one non-transitory
computer-readable storage medium having computer-
executable program code instructions stored therein with
the computer-executable program code instructions in-
cluding program code instructions configured to deter-
mine a presence of the first access point in a radio envi-
ronment. The computer-executable program code in-
structions also include program code instructions config-
ured to determine that the first access point is a beam-
forming node and to obtain information regarding one or
more of a plurality of beams. The plurality of beams are
transmitted by the first access point. The computer-exe-
cutable program code instructions further include pro-
gram code instructions configured to estimate the radio
model of the first access point based at least upon: (i) at
least some of the information regarding the one or more
of the beams transmitted by the first access point and (i)
signal propagation characteristics of one or more existing
access points in the radio environment as represented
by respective radio models of the one or more existing
access points.

[0023] The program code instructions of an example
embodiment that are configured to determine the pres-
ence of the first access point include program code in-
structions configured to determine the presence of the
first access point based at least upon a first probe point
representative of radio signals transmitted by a respec-
tive beam from among the plurality of beams transmitted
by the first access point. In this example embodiment,
the program code instructions configured to obtain infor-
mation regarding the one or more of the plurality of beams
transmitted by the first access point include program
code instructions configured to obtain information re-
garding a total number of beams and an identification of
the respective beam of the first access point providing
the radio signals of which the first probe point is repre-
sentative.

[0024] The program code instructions of an example
embodiment that are configured to estimate the radio
model of the first access point include program code in-
structions configured to orient the radio model of the first
access point based at least in part upon the identification
of the respective beam of the first access point in relation
to the total number of beams of the first access point.
Additionally or alternatively, the computer-executable
program code instructions may also include program
code instructions configured to receive information re-
garding a second probe point representative of radio sig-
nals transmitted by another beam of the plurality of
beams transmitted by the first access point. In this ex-
ample embodiment, the program code instructions con-
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figured to estimate the radio model of the first access
pointinclude program code instructions configured to ori-
ent the radio model of the first access point based at least
in part upon relative positions of the respective beam and
the another beam in relation to the total number of beams
of the first access point. The computer-executable pro-
gram code instructions may also include program code
instructions configured to receive information regarding
a second probe point representative of the radio signals
transmitted in the respective beam of the first access
point. In this example embodiment, the first and second
probe points are associated with different respective lo-
cations and provide information regarding a signal
strength of the radio signals transmitted in the respective
beam of the first access point and received at the respec-
tive location. Additionally, the program code instructions
of this example embodiment that are configured to esti-
mate the radio model of the first access point include
program code instructions configured to estimate the ra-
dio model of the first access point based at least in part
upon the signal strength of the radio signals represented
by the first probe point and the signal strength of the radio
signals represented by the second probe point.

[0025] The program code instructions of an example
embodiment that are configured to estimate the radio
model of the first access point include program code in-
structions configured to estimate the radio model of the
first access point based upon at least one of a size or
shape of the respective radio models of the one or more
existing access points. In an example embodiment, the
program code instructions configured to estimate the ra-
dio model of the first access point include program code
instructions configured to estimate the radio model of the
first access point based upon at least a shape of the
respective radio models of the one or more existing ac-
cess points relative to an obstacle within the radio envi-
ronment. In this example embodiment, the obstacle in-
cludes an obstacle to signal propagation within the radio
environment. The program code instructions of an exam-
ple embodiment that are configured to determine that the
firstaccess pointis abeamforming node include program
code instructions configured to detect that the firstaccess
point employs beam sweeping to alter signal strengths
of the plurality of beams transmitted by the first access
point over time.

[0026] In yet another example embodiment, an appa-
ratus is provided for accelerating estimation of a radio
model of a first access point. The apparatus includes
means for determining a presence ofthe firstaccess point
in a radio environment. The apparatus also includes
means for determining that the first access point is a
beamforming node and means for obtaining information
regarding one or more of a plurality of beams. The plu-
rality of beams are transmitted by the first access point.
The apparatus further includes means for estimating the
radio model of the first access point based at least upon:
(i) at least some of the information regarding the one or
more of the beams transmitted by the first access point
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and (ii) signal propagation characteristics of one or more
existing access points in the radio environment as rep-
resented by respective radio models of the one or more
existing access points.

[0027] The means for determining the presence of the
first access pointin accordance with an example embod-
iment includes means for determining the presence of
the first access point based at least upon a first probe
point representative of radio signals transmitted by a re-
spective beam from among the plurality of beams trans-
mitted by the first access point. In this example embod-
iment, the means for obtaining information regarding the
one or more of the plurality of beams transmitted by the
first access point includes means for obtaining informa-
tion regarding a total number of beams and an identifi-
cation of the respective beam of the first access point
providing the radio signals of which the first probe point
is representative.

[0028] The means for estimating the radio model of the
first access pointin accordance with an example embod-
imentincludes means for orienting the radio model of the
first access point based at least in part upon the identifi-
cation of the respective beam of the first access pointin
relation to the total number of beams of the first access
point. Additionally or alternatively, the apparatus may al-
so include means for receiving information regarding a
second probe point representative of radio signals trans-
mitted by another beam of the plurality of beams trans-
mitted by the first access point. In this example embod-
iment, the means for estimating the radio model of the
first access point includes means for orienting the radio
model of the first access point based at least in part upon
relative positions of the respective beam and the another
beam in relation to the total number of beams of the first
access point. The apparatus may also include means for
receiving information regarding a second probe pointrep-
resentative of the radio signals transmitted in the respec-
tive beam of the first access point. In this example em-
bodiment, the first and second probe points are associ-
ated with different respective locations and provide infor-
mation regarding a signal strength of the radio signals
transmitted in the respective beam of the first access
point and received at the respective location. Additional-
ly, the means for estimating the radio model of the first
access point in accordance with this example embodi-
ment includes means for estimating the radio model of
the firstaccess point based atleastin part upon the signal
strength of the radio signals represented by the first probe
point and the signal strength of the radio signals repre-
sented by the second probe point.

[0029] The means for estimating the radio model of the
first access pointincludes means for estimating the radio
model of the first access point based upon at least one
of a size or shape of the respective radio models of the
one or more existing access points. In an example em-
bodiment, the means for estimating the radio model of
the first access point includes means for estimating the
radio model of the first access point based upon at least
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ashape of the respective radio models of the one or more
existing access points relative to an obstacle within the
radio environment. In this example embodiment, the ob-
stacle includes an obstacle to signal propagation within
the radio environment. The means for determining that
the first access point is a beamforming node in an exam-
ple embodiment includes means for detecting that the
first access point employs beam sweeping to alter signal
strengths of the plurality of beams transmitted by the first
access point over time.

[0030] In an example embodiment, a method is pro-
vided for accelerating estimation of a radio model of a
beamforming access point. Following estimation of re-
spective radio models of one or more existing access
points within a radio environment, the method includes
detecting that the beamforming access point has been
added to or has been relocated within the radio environ-
ment. The method also includes obtaining information
regarding one or more of a plurality of beams that have
been transmitted by the beamforming access point. The
method further includes estimating the radio model of the
beamforming access pointbased atleastupon: (i) atleast
some of the information regarding one or more of the
beams transmitted by the beamforming access pointand
(i) signal propagation characteristics of the one or more
existing access points in the radio environment.

[0031] The method of an example embodiment detects
that the beamforming access point has been added to or
has been relocated within the radio environment in a
manner that is based at least upon a first probe point
representative of radio signals transmitted by a respec-
tive beam of the plurality of beams transmitted by the
beamforming access point. In this example embodiment,
the method obtains information regarding the one or
more of the plurality of beams transmitted by the beam-
forming access point by obtaining information regarding
a total number of beams and an identification of the re-
spective beam of the beamforming access point provid-
ing the radio signals of which the first probe point is rep-
resentative.

[0032] The method of an example embodiment esti-
mates the radio model of the beamforming access point
by orienting the radio model of the beamforming access
point based at least in part upon the identification of the
respective beam of the beamforming access point in re-
lation to the total number of beams of the beamforming
access point. In an example embodiment, the method
also includes receiving information regarding a second
probe point representative of radio signals transmitted
by another beam of the plurality of beams transmitted by
the beamforming access point. In this example embodi-
ment, the method estimates the radio model of the beam-
forming access point by orienting the radio model of the
beamforming access point based at least in part upon
relative positions of the first and second probe points in
relation to the total number of beams of the beamforming
access point.

[0033] The method of an example embodiment also
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includes receiving information regarding a second probe
point representative of the radio signals transmitted in
the respective beam of the beamforming access point.
In this example embodiment, the first and second probe
points are associated with different respective locations
and provide information regarding a signal strength of
the radio signals transmitted in the respective beam of
the beamforming access point and received at the re-
spective location. The method of this example embodi-
ment estimates the radio model of the beamforming ac-
cess point by estimating the radio model of the beam-
forming access pointbased atleastin part upon the signal
strength of the radio signals represented by the first probe
point and the signal strength of the radio signals repre-
sented by the second probe point.

[0034] In another example embodiment, an apparatus
is provided that is configured to accelerate estimation of
a radio model of a beamforming access point. The ap-
paratus includes processing circuitry and at least one
memory including computer program code instructions
with the computer program code instructions configured
to, when executed by the processing circuity, cause the
apparatus to detect, following estimation of respective
radio models of one or more existing access points within
a radio environment, that the beamforming access point
has been added to or has been relocated within the radio
environment. The computer program code instructions
are also configured to, when executed by the processing
circuity, cause the apparatus to obtain information re-
garding one or more of a plurality of beams that have
been transmitted by the beamforming access point. The
computer program code instructions are further config-
ured to, when executed by the processing circuity, cause
the apparatus to estimate the radio model of the beam-
forming access point based at least upon: (i) at least
some of the information regarding one or more of the
beams transmitted by the beamforming access pointand
(i) signal propagation characteristics of the one or more
existing access points in the radio environment.

[0035] The computer program code instructions are
configured to, when executed by the processing circuity,
cause the apparatus of an example embodiment to detect
that the beamforming access point has been added to or
has been relocated within the radio environment in a
manner that is based at least upon a first probe point
representative of radio signals transmitted by a respec-
tive beam of the plurality of beams transmitted by the
beamforming access point. In this example embodiment,
the computer program code instructions are configured
to, when executed by the processing circuity, cause the
apparatus to obtain information regarding the one or
more of the plurality of beams transmitted by the beam-
forming access point by obtaining information regarding
a total number of beams and an identification of the re-
spective beam of the beamforming access point provid-
ing the radio signals of which the first probe point is rep-
resentative.

[0036] The computer program code instructions are
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configured to, when executed by the processing circuity,
cause the apparatus of an example embodiment to esti-
mate the radio model of the beamforming access point
by orienting the radio model of the beamforming access
point based at least in part upon the identification of the
respective beam of the beamforming access point in re-
lation to the total number of beams of the beamforming
access point. In an example embodiment, the computer
program code instructions are further configured to, when
executed by the processing circuity, cause the apparatus
to receive information regarding a second probe point
representative of radio signals transmitted by another
beam of the plurality of beams transmitted by the beam-
forming access point. In this example embodiment, the
computer program code instructions are configured to,
when executed by the processing circuity, cause the ap-
paratus to estimate the radio model of the beamforming
access point by orienting the radio model of the beam-
forming access point based at least in part upon relative
positions of the first and second probe points in relation
to the total number of beams of the beamforming access
point.

[0037] The computer program code instructions are al-
so configured to, when executed by the processing cir-
cuity, cause the apparatus an example embodiment to
receive information regarding a second probe point rep-
resentative of the radio signals transmitted in the respec-
tive beam of the beamforming access point. In this ex-
ample embodiment, the first and second probe points are
associated with different respective locations and pro-
vide information regarding a signal strength of the radio
signals transmitted in the respective beam of the beam-
forming access point and received at the respective lo-
cation. The computer program code instructions are con-
figured to, when executed by the processing circuity,
cause the apparatus of this example embodiment to es-
timate the radio model of the beamforming access point
by estimating the radio model of the beamforming access
point based at least in part upon the signal strength of
the radio signals represented by the first probe point and
the signal strength of the radio signals represented by
the second probe point.

[0038] In a further example embodiment, a computer
program product is provided for accelerating estimation
of a radio model of a beamforming access point. The
computer program product includes at least one non-
transitory computer-readable storage medium having
computer-executable program code instructions stored
therein with the computer-executable program code in-
structions including program code instructions config-
ured to detect, following estimation of respective radio
models of one or more existing access points within a
radio environment, that the beamforming access point
has been added to or has been relocated within the radio
environment. The computer-executable program code
instructions also include program code instructions con-
figured to obtain information regarding one or more of a
plurality of beams that have been transmitted by the
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beamforming access point. The computer-executable
program code instructions further include program code
instructions configured to estimate the radio model of the
beamforming access pointbased atleastupon: (i) atleast
some of the information regarding one or more of the
beams transmitted by the beamforming access pointand
(i) signal propagation characteristics of the one or more
existing access points in the radio environment.

[0039] The program code instructions of an example
embodiment are configured to detect that the beamform-
ing access point has been added to or has been relocated
within the radio environment in a manner that is based
at least upon a first probe point representative of radio
signals transmitted by a respective beam of the plurality
of beams transmitted by the beamforming access point.
In this example embodiment, the program code instruc-
tions configured to obtain information regarding the one
or more of the plurality of beams transmitted by the beam-
forming access point include program code instructions
configured to obtain information regarding a total number
of beams and an identification of the respective beam of
the beamforming access point providing the radio signals
of which the first probe point is representative.

[0040] The program code instructions of an example
embodiment that are configured to estimate the radio
model of the beamforming access point include program
code instructions configured to orient the radio model of
the beamforming access point based at least in part upon
the identification of the respective beam of the beam-
forming access point in relation to the total number of
beams of the beamforming access point. In an example
embodiment, the computer-executable program code in-
structions also include program code instructions config-
ured to receive information regarding a second probe
point representative of radio signals transmitted by an-
other beam of the plurality of beams transmitted by the
beamforming access point. In this example embodiment,
the program code instructions configured to estimate the
radio model of the beamforming access pointinclude pro-
gram code instructions configured to orient the radio
model of the beamforming access point based at least
in part upon relative positions of the first and second
probe points in relation to the total number of beams of
the beamforming access point.

[0041] The computer-executable program code in-
structions of an example embodiment also include pro-
gram code instructions configured to receive information
regarding a second probe point representative of the ra-
dio signals transmitted in the respective beam of the
beamforming access point. In this example embodiment,
the first and second probe points are associated with
different respective locations and provide information re-
garding a signal strength of the radio signals transmitted
in the respective beam of the beamforming access point
and received at the respective location. The program
code instructions of this example embodiment that are
configured to estimate the radio model of the beamform-
ing access point include program code instructions con-
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figured to estimate the radio model of the beamforming
access point based at least in part upon the signal
strength of the radio signals represented by the first probe
point and the signal strength of the radio signals repre-
sented by the second probe point.

[0042] In yet another example embodiment, an appa-
ratus is provided for accelerating estimation of a radio
model of a beamforming access point. The apparatus
includes means for detecting, following estimation of re-
spective radio models of one or more existing access
points within a radio environment, that the beamforming
access point has been added to or has been relocated
within the radio environment. The apparatus also in-
cludes means for obtaining information regarding one or
more of a plurality of beams that have been transmitted
by the beamforming access point. The apparatus further
includes means for estimating the radio model of the
beamforming access pointbased atleastupon: (i) atleast
some of the information regarding one or more of the
beams transmitted by the beamforming access pointand
(i) signal propagation characteristics of the one or more
existing access points in the radio environment.

[0043] The means of an example embodiment for de-
tecting that the beamforming access point has been add-
ed to or has been relocated within the radio environment
does so in a manner that is based at least upon a first
probe point representative of radio signals transmitted
by arespective beam of the plurality of beams transmitted
by the beamforming access point. In this example em-
bodiment, the means for obtaining information regarding
the one or more of the plurality of beams transmitted by
the beamforming access point includes means for ob-
taining information regarding a total number of beams
and an identification of the respective beam of the beam-
forming access point providing the radio signals of which
the first probe point is representative.

[0044] The means of an example embodiment for es-
timating the radio model of the beamforming access point
includes means for orienting the radio model of the beam-
forming access point based atleastin part upon the iden-
tification of the respective beam of the beamforming ac-
cess pointin relation to the total number of beams of the
beamforming access point. In an example embodiment,
the apparatus also includes means for receiving informa-
tion regarding a second probe point representative of ra-
dio signals transmitted by another beam of the plurality
of beams transmitted by the beamforming access point.
In this example embodiment, the means for estimating
the radio model of the beamforming access point in-
cludes means for orienting the radio model of the beam-
forming access point based at least in part upon relative
positions of the first and second probe points in relation
to the total number of beams of the beamforming access
point.

[0045] The apparatus of an example embodiment also
includes means forreceiving information regarding a sec-
ond probe point representative of the radio signals trans-
mitted in the respective beam of the beamforming access
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point. In this example embodiment, the first and second
probe points are associated with different respective lo-
cations and provide information regarding a signal
strength of the radio signals transmitted in the respective
beam of the beamforming access point and received at
the respective location. In this example embodiment, the
means for estimating the radio model of the beamforming
access point may include means for estimating the radio
model of the beamforming access point based at least
in part upon the signal strength of the radio signals rep-
resented by the first probe point and the signal strength
of the radio signals represented by the second probe
point.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] °’ Having thus described certain embodiments
of the present disclosure in general terms, reference will
now be made to the accompanying drawings, which are
not necessarily drawn to scale, and wherein:

Figure 1 illustrates a fixed coverage model of a wire-
less communication node;

Figures 2A and 2B illustrate the coverage models of
a beamforming node at two different points in time;
Figure 3A illustrates eight different beams of radio
signals that are sequentially transmitted at different
points in time by a beamforming access point;
Figure 3B is a graphical representation of the signal
strength of the radio signals that are received and
measured by a mobile device located relative to the
beamforming access point as shown in Figure 3A as
the different beams are sequentially transmitted by
the beamforming node as indicated along the hori-
zontal axis of Figure 3B;

Figure 4 illustrates a radio environment having three
access points and associated radio models that are
shaped, atleastin part, based upon an obstacle with-
in the radio environment;

Figure 5 also illustrates the radio environment of Fig-
ure 4 following the introduction of a new access point;
Figure 6 illustrates the radio environment of Figure
5 and depicts an initial radio model of the new access
point as defined based upon two probe points;
Figure 7 is a block diagram of an apparatus that may
be specifically configured in accordance with an ex-
ample embodiment in order to accelerate the esti-
mation of the radio model of a beamforming access
point;

Figure 8 is a flow chart illustrating the operations
performed, such as by the apparatus of Figure 7, in
accordance with an example embodiment;

Figure 9 illustrates the radio environment of Figure
5 following the addition of the radio model that has
been estimated for the new beamforming access
point in accordance with an example embodiment;
Figure 10 is a flow chart illustrating the operations
performed, such as by the apparatus of Figure 7, in
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order to update the radio model of a new beamform-
ing access point following the receipt of one or more
additional probe points in accordance with an exam-
ple embodiment; and

Figure 11 is a flow chart illustrating the operations
performed, such as by the apparatus to Figure 7, in
order to determine in accordance with an example
embodiment whether to update the radio model of a
new beamforming access point following the updat-
ing of a respective radio model of an existing access
point.

DETAILED DESCRIPTION

[0047] Someembodiments ofthe presentinvention will
now be described more fully hereinafter with reference
to the accompanying drawings, in which some, but not
all, embodiments of the invention are shown. Indeed, var-
ious embodiments of the invention may be embodied in
many different forms and should not be construed as
limited to the embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will sat-
isfy applicable legal requirements. Like reference numer-
als refer to like elements throughout. As used herein, the
terms "data," "content," "information," and similar terms
may be used interchangeably to refer to data capable of
being transmitted, received and/or stored in accordance
with embodiments of the present invention. Thus, use of
any such terms should not be taken to limit the spirit and
scope of embodiments of the present invention.

[0048] A method, apparatus and computer program
product are provided in accordance with an example em-
bodimentin order to accelerate the estimation of the radio
model of a beamforming access point within a radio en-
vironment. As described below, the beamforming access
point is configured to transmit radio signals having a var-
iable or dynamic coverage model that changes over time
such thatthe radio model that is estimated is correspond-
ingly reflective of the variable or dynamic coverage mod-
el. The beamforming access point may be any of a variety
of different types of access points including an access
point, Node B, enhanced Node B (eNB) or the like, such
as for a cellular system, e.g., a 5G cellular system, or a
non-cellular network, e.g., an 802.11 WiFi network.
[0049] By way of example, Figure 3A depicts a beam-
forming access point 20 having a phased array of anten-
nas for transmitting and receiving radio signals. The radio
beams 22 sequentially generated by the beamforming
access point at eight different points in time are illustrated
and designated 1, 2, ... 8. In Figure 3A, all eight beams
are depicted in a composite view. However, the beam-
forming access point of one embodiment will only trans-
mit one (or a subset) of the beams at any one point in
time, while the beamforming access point of another em-
bodiment will preferentially transmit only one (or a sub-
set) of the beams such that the preferred one (or subset)
of the beams has a greater power than signals transmit-
ted by the other beams. In either embodiment, the beam-
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forming access point sweeps the beam by sequentially
advancing from transmission of one beam to the next
until all of the beams have been transmitted, or prefer-
entially transmitted, in a relatively short period of time
while the position of the beamforming access point re-
mains the same or virtually the same. As shown, the
beamforming access point sweeps the beam such that
the beam of radio signals generated at each different
point in time is different from the beams of radio signals
generated at other points in time, at least in terms of the
direction and corresponding coverage area of the beams
of radio signals.

[0050] Foramobile device 24 positioned relative to the
beamforming access point 20 as shown in Figure 3A, the
signal strength of the radio signals transmitted by the
beamforming access point and received by the mobile
node at each of the eight different sequential points in
time when the eight different beams of radio signals are
transmitted by the beamforming access point are graph-
ically depicted in Figure 3B. The mobile device may in-
clude any of a wide variety of mobile terminals such as
a mobile telephone, a smart phone, a personal digital
assistant (PDA), a personal navigation device, a smart
watch, atablet computer, or any combination of the afore-
mentioned and other types of portable computer devices.
With respect to a beamforming access point, the radio
signals received by the mobile node not only identify the
beamforming access point, but may also identify the an-
tenna configuration that is currently active such that the
different beams may be distinguished. As shown in Fig-
ure 3B, the signal strength from the third beam of radio
signals is greater than the signal strengths of any of the
other beams of radio signals generated by the same
beamforming access point since the position of the mo-
bile device is more closely aligned with the third beam of
radio signals as shown in Figure 3A.

[0051] The access point for which the radio model is
estimated may be a beamforming access point that is
newly added to the radio environment, that is, a beam-
forming access point that was not previously present
within the radio environment and was not previously
transmitting radio signals throughout the radio environ-
ment. Alternatively, the access point for which the radio
model is estimated may be a beamforming access point
that was previously part of the radio environment, such
as by being previously present within the radio environ-
ment and transmitting radio signals throughout the radio
environment, but that has been moved or relocated within
the radio environment.

[0052] The beamforming access point for which the
radio model is estimated may be an access point for a
cellular-based radio environment, such as a base station,
or for a non-cellular radio environment, such as a WLAN
access point or other type of non-cellular access point.
Additionally, the beamforming access point for which the
radio model is estimated and the radio environment in
which the access point is disposed may be outdoors,
such as in an instance in which the access pointis a base
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station of a cellular-based radio environment, or indoors,
such as in an instance in which the access point is a
WLAN access point or other type of non-cellular access
point. By way of example, but not of limitation, the meth-
od, apparatus and computer program product of an ex-
ample embodiment will hereinafter be described in con-
junction with a radio environment that is indoors with the
beamforming access point for which the radio model is
estimated also being indoors, such as a WLAN access
point or other non-cellular access point.

[0053] The radio environment into which the beam-
forming access point is added or within which the beam-
forming access point is relocated also includes one or
more existing access points that are configured to trans-
mit radio signals throughout the radio environment and
for which radio models have been defined. The existing
access point(s) may also be beamforming access
point(s) or may be access point(s) having a static cover-
age model or may be some combination thereof. The
access point for which a radio model is estimated in ac-
cordance with an example embodiment is added to the
radio environment or is moved within the radio environ-
ment after the radio models of the existing access points
have been defined, such as based on probe points col-
lected for the existing access points. The access point
for which a radio model is estimated and the existing
access points may be the same type of access points,
such as base stations or other cellular-based access
points or a WLAN access point or other non-cellular ac-
cess points.

[0054] By way of example, Figure 4 depicts a radio
environment that includes three existing access points
30 designated A, B and C. A radio model 32 has been
defined for each of the existing access points. The radio
models of the existing access points illustrate the region
within which radio signals transmitted by a respective
access point can be detected with at least predefined
signal characteristics, such as atleast a predefined signal
strength. Outside of the region defined by the radio model
for a respective access point, the radio signals transmit-
ted by the respective access point are either not detected
or, if detected, have signal characteristics that fail to sat-
isfy the predefined signal characteristics, such as by hav-
ing a signal strength that is less than a predefined thresh-
old. Although one or more of the access points may have
a static radio model, the access points of Figure 4 are
beamforming access points having a dynamic radio mod-
elthat changes over time as beams are sequentially gen-
erated by different antennas of the access point. Indeed,
the beamforming access points are each shown to se-
quentially generate five beams designated X.1, X.2, X.3,
X.4 and X.5 with X designating the particular access
point, e.g., A, B or C, and the numerical designation in-
dicating the particular beam. For example, the beam-
forming access point designated A is configured to ini-
tially transmit the beam designated A.1 followed sequen-
tially by A.2, A.3, A.4 and then A.5. Thus, while Figure 4
depicts all of the beams transmitted by a respective ac-
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cess point over time, the beamforming access point of
an example embodiment only transmits one of the beams
at any particular pointin time. In other embodiments, the
beamforming access point may transmit multiple beams,
such as two, three or even all of the beams, at one time
with the beams being distinguished by a respective beam
identifier. As shown, each beam points in a different di-
rection. Also, while the beamforming access points of
Figure 4 are each shown to transmit five beams, the
beamforming access points of other embodiments may
be configured to transmit a greater or lesser number of
beams and/or to transmit a different number of beams
than the other beamforming access points.

[0055] While the radio models 32 may be defined for
the existing access points 30 in various manners, the
radio models for the existing access points may be de-
fined, in one embodiment, based upon probe points that
have been collected, such as by mobile devices within
the radio environment, from the existing access points.
As noted above, a mobile device may include any of a
wide variety of mobile terminals such as a mobile tele-
phone, a smart phone, a PDA, a personal navigation de-
vice, a smart watch, a tablet computer, or any combina-
tion of the aforementioned and other types of portable
computer devices.

[0056] The radio environment of the illustrated embod-
iment includes an obstacle 34 that prevents or limits the
otherwise uniform propagation of the radio signals trans-
mitted by the existing access points 30 throughout the
radio environment. The radio environment may include
various types of obstacles that limit or otherwise alter the
signal propagation of the radio signals transmitted by the
existing access points. In an indoor setting, the obstacle
may be a wall, a bank of elevators or other physical struc-
tures that prevent or limit the propagation of radio signals
transmitted by the existing access points throughout the
radio environment. In an outdoor setting, however, the
obstacle may be any type of structure or other impedi-
ment to signal propagation throughout the radio environ-
ment. For example, while a wall or other physical struc-
ture may also serve as an obstacle within the outdoor
setting, urban canyons may also serve as an obstacle
by limiting the propagation of radio signals throughout
the radio environment. While obstacles in the form of
physical structures have been described by way of ex-
ample, there may be other types of obstacles to the uni-
form propagation of radio signals, including sources of
magnetic and/or electromagnetic signals that may inter-
fere with the propagation of radio signals throughout the
radio environment. Further details regarding obstacles,
the interaction of radio signals therewith and the resulting
estimation of a radio model in the vicinity of an obstacle
aredescribed by U.S. Patent Application No. 17/082,887,
filed October 28, 2020, the entire contents of which are
incorporated herein by reference.

[0057] Referring now to Figure 4, the radio models 32
of the existing access points 30 are shaped based at
least in part upon the impediment to signal propagation
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introduced by the obstacle 34. For example, the radio
model associated with the existing access point desig-
nated A has a generally C-shape with the beams desig-
nated A.1, A.2, A.4 and A.5 extending further and at least
partially about opposite sides of the obstacle relative to
the beam designated A.3, which is truncated by the ob-
stacle. The radio models of the other existing access
points designated B and C are similarly shaped based
atleastin part upon the impedimentto signal propagation
introduced by the obstacle with the radio beams B.1, B.2,
B.4 and B.5 extending further than radio beam B.3 and
the radio beams C.1, C.2, C.4 and C.5 extending further
than radio beam C.3 as a result of the obstacle.

[0058] As shown in Figure 4, one or more beams of
the radio models 32 of the existing access points 30 may
partially overlap with regions designated 32a. By utilizing
the radio models of the existing access points, the loca-
tion of a mobile device may be determined, such as based
upon a radio coverage model. In this regard, a radio de-
vice that receives radio signals from the beams desig-
nated A.4 and C.1 may be determined to be within the
region in which the radio models of access point A and
access point C overlap.

[0059] Asshown in Figure 5, another access point 36,
namely, a beamforming access point, designated as D
may be detected within the radio environment. In this
regard, the other access point may be a new access point
that was not previously located within the radio environ-
ment and, as such, did not previously transmit radio sig-
nals throughout the radio environment. Alternatively, the
other access point that is now detected may have been
one of the existing access points that has moved or been
relocated and, as a result, now has a different radio model
associated therewith since the radio signals are being
transmitted from a different location within the radio en-
vironment. By way of example, Figure 5 depicts a sce-
nario in which another access point that is new to the
radio environment is detected. In the illustrated embod-
iment, the access point that is new to the radio environ-
ment is detected by the collection of probe points 38,
such as by a mobile device, with the probe points pro-
viding information regarding the radio signals transmitted
by the new access point within the radio environment.
Since the probe points that are collected are represent-
ative of radio signals transmitted by an access point that
was not previously in the radio environment, the pres-
ence of a new and different access point is detected.
[0060] Asshown in Figure 6, a radio model 39 may be
generated for the access point 36 that is new to the radio
environment or that has been repositioned within the ra-
dio environment based upon the probe points 38 that
have been collected for the access point. For a period of
time following the initial introduction of the new access
point, however, only a few probe points may have been
collected for the new access point, such as the two probe
points depicted in Figure 5. Although a radio model may
be constructed based upon the relatively few number of
probe points, such as the radio model constructed based
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upon the two probe point for the new access point de-
picted in Figure 6, the radio model and, in particular, the
size, shape and other characteristics of the radio model
may be less accurate than is desired due to the limited
amount of data, such as the limited number of probe
points, upon which the radio model is based. With respect
to the example of Figure 6, the radio model that is con-
structed based upon the two probe points that have been
collected for the new access point designated as access
point D has an elliptical shape that extends to a limited
degree on one side of the obstacle 14. This radio model
is likely inaccurate, however, as additional probe points
have not yet been collected from other locations relative
to the obstacle, such as from locations on the other side
of the obstacle, or from other locations further removed
from the new access point, and/or from other beams of
the beamforming access point.

[0061] Based upon the resulting inaccuracies or other
limitations of the radio model 39 that may be constructed
based upon the limited number of probe points 38 that
have been collected, subsequent use of the resulting ra-
dio model for the new access point 36 may correspond-
ingly be inaccurate or imprecise. For example, the deter-
mination of the position of a mobile device based at least
partly upon the radio model for a new access point that
has been constructed based upon a limited number of
probe points, such as shown in Figure 6, may also be
inaccurate or imprecise due to the limitations imposed
upon the radio model for the new access point. These
inaccuracies and the lack of precision may be particularly
prevalent in an instance in which the new access point
is a beamforming access point having a dynamic radio
model attributable to the manner in which the beam is
swept through space.

[0062] In order to increase the accuracy of a resulting
radio model 39 that is estimated for a new beamforming
access point 36, such as a beamforming access point
that has not previously been present within the radio en-
vironment or that has moved within the radio environ-
ment, and to accelerate the estimation of the radio model
of the new beamforming access point, such as by esti-
mating the radio model soon after the new beamforming
access point has entered the radio environment, such as
prior to the collection of a substantial number of probe
points for the new beamforming access point, a method,
apparatus and computer program product are provided.
The apparatus that is configured to accelerate the esti-
mation of the radio model for a new beamforming access
point may be embodied by any of a variety of different
types of computing devices, such as a positioning sys-
tem, a server, a cloud computing device, a computer
workstation, a distributed network of computing devices,
a personal computer or any other type of computing de-
vice.

[0063] Regardless of the type of computing device that
embodies the apparatus, the apparatus 40 of an example
embodiment depicted in Figure 7 includes, is associated
with or is otherwise in communication with processing
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circuitry 42, memory 44 and communication interface 46.
In some embodiments, the processing circuitry (and/or
co-processors or any other processors assisting or oth-
erwise associated with the processing circuitry) can be
in communication with the memory via a bus for passing
information among components of the apparatus. The
memory can be non-transitory and can include, for ex-
ample, one or more volatile and/or non-volatile memo-
ries. In other words, for example, the memory may be an
electronic storage device (for example, a computer read-
able storage medium) comprising gates configured to
store data (for example, bits) that can be retrievable by
a machine (for example, a computing device like the
processing circuitry). The memory can be configured to
store information, data, content, applications, instruc-
tions, or the like for enabling the apparatus to carry out
various functions in accordance with an example embod-
iment of the present disclosure. For example, the mem-
ory can be configured to buffer input data for processing
by the processing circuitry. Additionally or alternatively,
the memory can be configured to store instructions for
execution by the processing circuitry.

[0064] The processing circuitry 42 can be embodied in
a number of different ways. For example, the processing
circuitry may be embodied as one or more of various
hardware processing means such as a processor, a co-
processor, a microprocessor, a controller, a digital signal
processor (DSP), a processing element with or without
an accompanying DSP, or various other processing cir-
cuitry including integrated circuits such as, for example,
an ASIC (application specific integrated circuit),an FPGA
(field programmable gate array), a microcontroller unit
(MCU), a hardware accelerator, a special-purpose com-
puter chip, or the like. As such, in some embodiments,
the processing circuitry can include one or more process-
ing cores configured to perform independently. Addition-
ally or alternatively, the processing circuitry can include
one or more processors configured in tandem via the bus.
[0065] In an example embodiment, the processing cir-
cuitry 42 can be configured to execute instructions stored
in the memory 44 or otherwise accessible to the process-
ing circuitry. Alternatively or additionally, the processing
circuitry can be configured to execute hard coded func-
tionality. As such, whether configured by hardware or
software methods, or by a combination thereof, the
processing circuitry can represent an entity (for example,
physically embodied in circuitry) capable of performing
operations according to an embodiment of the present
disclosure while configured accordingly. Thus, for exam-
ple, when the processing circuitry is embodied as an
ASIC, FPGA or the like, the processing circuitry can be
specifically configured hardware for conducting the op-
erations described herein. Alternatively, as another ex-
ample, when the processing circuitry is embodied as an
executor of software instructions, the instructions can
specifically configure the processing circuitry to perform
the algorithms and/or operations described herein when
the instructions are executed. However, in some cases,
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the processing circuitry can be a processor of a specific
device (for example, a mobile device, a server or other
computing device of a positioning system or other net-
work entity) configured to employ an embodiment of the
present disclosure by further configuration of the proc-
essor by instructions for performing the algorithms and/or
operations described herein. The processing circuitry
can include, among other things, a clock, an arithmetic
logicunit (ALU) and/or one or more logic gates configured
to support operation of the processing circuitry.

[0066] The apparatus 40 of an example embodiment
can also include the communication interface 46 that can
be any means such as a device or circuitry embodied in
either hardware or a combination of hardware and soft-
ware that is configured to receive and/or transmit data
from/to other electronic devices in communication with
the apparatus, such as a database which, in one embod-
iment, stores a radio map generated and/or employed
by the processing circuitry 42. The communication inter-
face may be configured to support communication, for
example, between one or more mobile devices, a posi-
tioning system and/or one or more other network entities.
In an embodiment in which the apparatus is embodied
by a mobile device, the communication interface may
also be configured to communicate in accordance with
various wireless protocols including communication with
one or more wireless communication nodes of a cellular
system and/or a non-cellular system. The communica-
tion interface can include, for example, an antenna (or
multiple antennas) and supporting hardware and/or soft-
ware for enabling communications with a wireless com-
munication network. In this regard, the communication
interface can include, for example, an antenna (or mul-
tiple antennas) and supporting hardware and/or software
for enabling communications with a wireless communi-
cation network. Additionally or alternatively, the commu-
nication interface can include the circuitry for interacting
with the antenna(s) to cause transmission of signals via
the antenna(s) or to handle receipt of signals received
via the antenna(s). In some environments, the commu-
nication interface can alternatively or also support wired
communication.

[0067] Referring now to Figure 8, the operations per-
formed, such as by the apparatus 40 of Figure 7, in ac-
cordance with an example embodiment are depicted. As
shown in block 50, the apparatus includes means, such
as the processing circuitry 42, the communication inter-
face 46 or the like, for determining the presence of a first
access point in a radio environment. In this regard, the
first access point is an access point that is new to the
radio environment or that has relocated to a new position
within the radio environment. The presence of the first
access point may be determined in various manners. In
an example embodiment, however, the presence of the
first access point may be determined based on one or
more probe points that are associated with the first ac-
cess point. In this regard, the one or more probe points
may be received, such as via the communication inter-
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face, and determined, such as by the processing circuitry,
to be representative of radio signals transmitted by a re-
spective beam of the first access point and detected by
a mobile device within the radio environment.

[0068] With reference to the example depicted in Fig-
ure 5, the probe points 38 representative of radio signals
transmitted by the access point 36 designated D may
identify the beamforming access point that transmitted
the radio signals based upon an indication included or
otherwise associated with the radio signals. As such, the
radio signals may be utilized to determine the presence
of a new access point to the radio environment, such as
based upon a comparison of the identity of the access
point that transmitted the radio signals to the existing
access points that were previously determined to be in
the radio environment. In this regard, the probe points
may be associated with an access point that was not
previously detected to be within the radio environment in
the case of a new access point. Alternatively, the probe
points may be detected by a mobile device to be within
a portion of the radio environment that was outside of the
radio model of an existing access point, such as in the
case in which the access point that had been relocated
within the radio environment.

[0069] As shown in block 52, the apparatus 40 also
includes means, such as the processing circuitry 42 or
the like, configured to determine that the firstaccess point
is a beamforming node. The first access point may be
determined to be a beamforming node in various man-
ners. Forexample, the apparatus, such as the processing
circuitry, may be configured to determine that the first
access point is a beamforming node by detecting that
the first access point employs beam sweeping to alter
signal strengths of the plurality of beams transmitted by
the first access point over time. Additionally or alterna-
tively, the radio signals that are received, such as by the
communication interface 46, may include an indication
that the first access point is a beamforming node. The
indication may explicitly indicate that the firstaccess point
is a beamforming node, such as by providing a flag or
other indicia that the first access point is a beamforming
node, or the indication may be implicit, such as by pro-
viding information regarding the number of beams trans-
mitted by the first access point and identifying the partic-
ular beam via which the radio signals are transmitted.
[0070] Inanotherexample embodiment, the apparatus
40, such as the processing circuitry 42, the communica-
tion interface 46 or the like, is configured to determine
whether the first access point is a beamforming node by
determining a measure, e.g., the received signal
strength, of the signals received from first access point
ateach of a plurality of different points in time. As aresult,
the apparatus of this example embodiment may also in-
clude means, such as the processing circuitry, the com-
munication interface or the like, for identifying, from the
measure of the signals received from the first access
point, that two or more different beams of radio signals
are received, such as at different points in time, from the
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first access point that is identified as a beamforming
node. In this regard, the apparatus, such as the process-
ing circuitry, communication interface or the like, of this
example embodiment is configured to measure the radio
signals received from first access point at two or more
different times and to identify, based upon the measure-
ments at two or more different times, whether different
beams of radio signals are received from the same ac-
cess point, that is, the first access point. In an instance
in which two or more different beams of radio signals are
received from the first access point, the apparatus, such
as the processing circuitry, is configured to identify the
first access point as a beamforming node.

[0071] The apparatus 40, such as the processing cir-
cuitry 42, the communication interface 46 or the like, of
an example embodiment may be configured to identify
that two or more beams of radio signals that are received
at different times from the first access point are different
in an instance in which the measures of the different
beams of radio signals vary by more than a predefined
amount or by more than a predefined percentage. Thus,
the apparatus, such as the processing circuitry, the com-
munication interface or the like, of this example embod-
iment is configured to accommodate a small deviation in
the beams of radio signals received from the first access
point at different points in time without identifying the first
access point as a beamforming node. Instead, the appa-
ratus, such as the processing circuitry, the communica-
tion interface or the like, of this example embodiment is
only configured to identify the first access point as a
beamforming node in an instance in which the beams of
radio signals received from the first access point at dif-
ferent points in time are more substantially different, such
as by differing by more than the predefined amount or
the predefined percentage. In other embodiments, how-
ever, the apparatus, such as the processing circuitry, the
communication interface or the like, may be configured
such that any difference in the beams of radio signals
received from the first access point at different points in
time may cause the first access point to be identified as
a beamforming node.

[0072] As shown in block 54, the apparatus 40 also
includes means, such as the processing circuitry 42, the
communication interface 46 or the like, configured to ob-
tain information regarding one or more of a plurality of
beams of which the one or more probe points are repre-
sentative. As noted above, the information regarding one
or more of the plurality of beams, such as the beam via
which the radio signals are transmitted, may include in-
formation identifying the respective beam and the total
number of beams transmitted by the first access point.
Additionally, the information regarding the one or more
of the plurality of beams may include the signal propa-
gation characteristics of the first access point. The signal
propagation characteristics may include the presence (or
absence) of signals transmitted by a respective access
point that have at least a predefined signal strength at
one or more locations. Alternatively, the signal propaga-
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tion characteristics may include the signal strength of the
signals transmitted by the respective beam of the beam-
forming access point at one or more locations. In other
embodiments, the information that is obtained may relate
to additional or different signal propagation characteris-
tics, at least some of which are associated with one or
more locations within the radio environment.

[0073] As shown in block 56, the apparatus 40 also
includes means, such as the processing circuitry 42 or
the like, configured to estimate the radio model of the
firstaccess point 36 based at least upon: (i) atleast some
ofthe information regarding the one or more of the beams
transmitted by the first access point and (ii) signal prop-
agation characteristics of one or more existing access
points in the radio environment as represented by re-
spective radio models of the one or more existing access
points. As described above, the information regarding a
beam transmitted by the first access point may include
information identifying the beam and, in some embodi-
ments, the total number of beams transmitted by the first
access point. The information may also include signal
propagation characteristics of the first access point, such
as the presence (or absence) of signals transmitted by
the respective beam of the first access point that have
at least a predefined signal strength at one or more lo-
cations and/or the signal strength of the signals transmit-
ted by the respective beam of the first access point at
one or more locations.

[0074] The signal propagation characteristics of the
one or more existing access points 30 may be represent-
ed by respective radio models 32 which define the pres-
ence (or absence) of signals transmitted by respective
beams of the existing access points that have at least a
predefined signal strength at one or more locations
and/or the signal strength of the signals transmitted by
the respective beams of the existing access points atone
or more locations. With respect to the example described
above, the radio model 38 of the new beamforming ac-
cess point 36 designated D may be estimated based up-
on the signal propagation characteristics of the existing
access points designated A, B and C within the radio
environment, such as depicted in Figure 9. In this regard,
the radio model 39 of the new beamforming access point
of Figure 9 is much more comparable to the radio models
of the existing access points in the same radio environ-
ment than the radio model that would otherwise be con-
structed based upon a limited number of initial probe
points 38, such as described above and shown in Figure
6. As such, the radio model that is estimated for the new
beamforming access point in accordance with an exam-
ple embodiment can more accurately represent the sig-
nal propagation characteristics of the radio signals trans-
mitted by the new access point. Additionally, the radio
model of the new beamforming access point may be es-
timated in accordance with an example embodiment rel-
atively soon after having determined in the presence of
the new access point without awaiting the collection of a
more substantial number of probe points from the new
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access point.

[0075] The apparatus 40, such as the processing cir-
cuitry 42, may be configured to estimate the radio model
of the first access point 36 in various manners. In an
example embodiment, the estimation of the radio model
of the first access point includes orienting the radio model
of the first access point, such as by orienting the beam
that transmits the radio signals that have been received,
such as a first probe point, relative to the other beams of
the first access point. The radio model may be oriented
in various manners, but, in one embodiment, the appa-
ratus, such as the processing circuitry, is configured to
orient the radio model based at least in part upon the
identification of the respective beam of the first access
point in relation to the total number of beams of the first
access point. For example, in an instance in a first probe
point is representative of the third beam, e.g., D.3, of the
first access point, which has five total beams, the appa-
ratus, such as the processing circuitry, may be oriented
such that two beams are positioned on each of the op-
posite sides of the third beam.

[0076] Inanother example embodiment, the apparatus
40, such as the processing circuitry 42, is configured to
orient the radio model 39 based upon one or more other
probe points representative of radio signals transmitted
by other beam(s) of the first access point 36. In this ex-
ample embodiment, the apparatus includes means, such
as the processing circuitry, the communication interface
46 or the like, for receiving information regarding a sec-
ond probe point representative of radio signals transmit-
ted by another beam of the plurality of beams transmitted
by the first access point. The apparatus also includes
means, such as the processing circuitry, configured to
estimate the radio model of the first access point by ori-
enting the radio model of the first access point based at
least in part upon relative positions of the respective
beam of which the first probe point is representative and
the another beam of which the second probe point is
representative in relation to the total number of beams
of the first access point. For example, in an embodiment
in which the first and second probe points are represent-
ative of the third and fourth beams, respectively, and the
first access point transmits five beams in total, the radio
model may be estimated to have two beams on one side
of the beam of which the first probe pointis representative
and one beam on the opposite side of the beam of which
the second probe point is representative.

[0077] In an example embodiment, the apparatus 40,
such as the processing circuitry 42, is additionally or al-
ternatively configured to estimate the radio model 39 of
the first access point 36 based upon the size and/or the
shape of the respective radio models 32 of the existing
access points 30. In this regard, the apparatus, such as
the processing circuitry, is configured to estimate the size
of the radio model of the beams of the first access point
to be the same or to be approximately equal to the size
of the corresponding beams of the radio models of the
existing access points. Additionally or alternatively, the
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apparatus, such as the processing circuitry, is configured
to estimate the shape of the radio model of the beams
of the first access point to have the same or a similar
shape as the shape of the radio models of the beams of
the existing access points. For example, the relative size
and shape of the radio model of the beams of the first
access point may be the same as or may correspond to
the size and shape of the radio models of the existing
access points, such as the size and shape of the radio
models of the beams of the existing access points in an
instance in which the existing access points are also
beamforming.

[0078] Although first and second probe points may be
representative of radio signals transmitted by different
beams of the first access point 36 as described above,
the first and second probe points may, instead, both be
representative of the radio signals transmitted by the
same respective beam of the first access point. In this
example embodiment, the first and second probe points
are associated with different respective locations and
provide information regarding a signal strength of the ra-
dio signals transmitted in the respective beam of the first
access point and received at the respective location. As
such, the apparatus 40, such as the processing circuitry
42, of this example embodimentis configured to estimate
the radio model 39 of the first access point based at least
in part upon the signal strength of the radio signals rep-
resented by the first probe point and the signal strength
of the radio signals represented by the second probe
point. As such, the detection of multiple probe points rep-
resentative of the same beam of a first access point may
permit the radio model of the respective beam to be es-
timated with enhanced accuracy.

[0079] Inaninstance in which an obstacle 34 is located
within the radio environment, the apparatus 40, such as
the processing circuitry 42, of an example embodiment
is configured to estimate the radio model 39 of the first
access point 36 based upon at least the shape of the
respective radio models 32 of the existing access points
30 relative to the obstacle. In this regard, the apparatus,
such as the processing circuitry, is configured to estimate
the shape of the radio model of the beams of the first
access point to have the same or similar shape relative
to the obstacle within the radio environment as the shape
that the respective radio models of the existing access
points have relative to the obstacle. With respect to the
example of Figure 9, the generally C-shape of the radio
models of the existing access points that extend at least
partly about opposite sides of the obstacle may be utilized
by the apparatus, such as the processing circuitry, of an
example embodiment to estimate the shape of the radio
model of the beams of the first access point to similarly
have a C-shape with one or both of the outermost beams
extending at least partly about the opposite sides of the
obstacle with a more central beam being more truncated
as a result of the impediment created by the obstacle.
[0080] In this example embodiment, the apparatus 40
may also include means, such as the processing circuitry
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42 or the like, configured to determine the presence of
the obstacle 34 and/or characteristics of the obstacle,
such as the location, size and/or shape of the obstacle,
based on signal propagation characteristics of respective
radio models 32 of the one or more existing access points
30. As such, the apparatus, such as the processing cir-
cuitry, of this example embodiment is configured to esti-
mate the radio model 39 of the first access point 36 based
upon signal propagation characteristics of one or more
existing access points by estimating the radio model of
the first access point based on the determined presence
of the obstacle and/or characteristics of the obstacle.
[0081] In an instance in which the radio environment
includes a plurality of existing access points 30 having
respective radio models 32, the radio model of each of
the existing access points may be considered equally in
relation to the estimation of the radio model 39 of the first
access point 36 that is newly present or newly located
within the radio environment. However, in some example
embodiments, the apparatus 40 includes means, such
as the processing circuitry 42 or the like, configured to
differently weightthe contributions of the respective radio
models of the one or more existing access points to the
estimation of the radio model of the first access point
based upon one or more weighting factors. In one exam-
ple embodiment, the weighting factors are based on
whether the existing access points are beamforming ac-
cess points or static access points that have a constant
radio model that does not materially change over time.
In this example embodiment, an existing access point
may be weighted more greatly in an instance in which
the existing access point is a beamforming access point,
like the first access point. In contrast, an existing access
pointmay be weighted more lightly in aninstance in which
the existing access point is a static access point having
a constant radio model. Thus, the radio model of an ex-
isting beamforming access point will have a greater con-
tribution to the estimation of the radio model of the first
access point than the radio model of an existing static
access point that has a constant radio model.

[0082] Inanother example embodiment, the weighting
factors additionally or alternatively include the confi-
dence associated with the radio models 32 of the existing
access points 30. In this regard, the contribution of a re-
spective radio model of an existing access point to the
estimation of the radio model 39 of the first access point
36 may be weighted in a manner that has a direct rela-
tionship, such as a proportional relationship, to the con-
fidence associated with the respective radio model of ex-
isting access point. In this example embodiment, the con-
fidence associated with the radio models of the existing
access points may be based upon the number of probe
points that have been collected for the existing access
points which, in turn, is evidence of the relative reliability
of the radio models. Thus, a weighting factor of this ex-
ample embodiment includes the number of probe points
that have been collected for respective ones of the ex-
isting access points. By way of example, the contribution
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of a respective radio model of an existing access point
to the estimation of the radio model of the first access
point may be weighted in a manner that has a direct re-
lationship, such as a proportional relationship, to the
number of probe points that have been collected for the
respective existing access point. Thus, the contribution
of the respective radio model of an existing access point
is weighted more heavily in an instance in which a large
number of probe points have been collected for the re-
spective access point than in an instance in which only
afew number of probe points have been collected for the
existing access point. The radio model of an existing ac-
cess point for which a large number of probe points have
been collected will therefore have a greater contribution
to the estimation of the radio model of the first access
point than the radio model of an existing access point for
which only a few probe points have been collected.
[0083] The confidence associated with the radio mod-
els 32 of the existing access points 30 may additionally
or alternatively be based upon the freshness of the radio
models as defined, for example, by the time elapsed
since the probe points have been collected for respective
ones of the existing access points. Thus, another weight-
ing factor that may be consideredin addition to, or instead
of, the number of probe points have been collected for
respective ones of the existing access points is the time
elapsed since the probe points have been collected for
respective ones of the existing access points. By way of
example, the contribution of a respective radio model of
an existing access point to the estimation of the radio
model 39 of the first access point 36 may be weighted in
a manner that has an indirect relationship, such as an
inversely proportional relationship, to the time elapsed
since the probe points have been collected for respective
ones of the existing access points. Thus, the contribution
of the respective radio model of an existing access point
is weighted more heavily in an instance in which at least
some of the probe points have been recently collected
such that the time elapsed since the most recent probe
points have been collected is relatively small than in an
instance in which no probe points have been collected
for a longer period of time such that the time elapsed
since the most recent probe points have been collected
is relatively large. The radio model of an existing access
point for which probe points have been collected more
recently will therefore have a greater contribution to the
estimation of the radio model of the first access point
than the radio model of an existing access point for which
no probe points have been collected for a longer period
of time.

[0084] Yet another weighting factor that may be con-
sidered in addition to or instead of the confidence asso-
ciated with the radio models 32 of the existing access
points 30 is the degree of similarity, e.g., homogeneity,
between the respective radio models of the existing ac-
cess points. In this regard, the degree of similarity is a
measure of the similarity between the shapes and sizes
of the respective radio models of the existing access
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points. By way of example, the contribution of a respec-
tive radio model of an existing access point to the esti-
mation of the radio model 39 of the first access point 36
may be weighted in a manner that has an direct relation-
ship, such as a proportional relationship, to the similarity
that the respective radio model of the existing access
point has to the respective radio models of one or more
other existing access points. Thus, the contribution of the
respective radio model of an existing access point is
weighted more heavily in an instance in which the re-
spective radio model of the existing access pointis similar
in size and/or shape to the respective radio model(s) of
one or more other existing access points than in an in-
stance in which the respective radio model of the existing
access point is dissimilar in both size and shape to the
respective radio model(s) of all of the other existing ac-
cess points. The radio model of an existing access point
that is similar in size and/or shape to the respective radio
model(s) of one or more other existing access points will
therefore have a greater contribution to the estimation of
the radio model of the first access point than the radio
model of an existing access point that is dissimilar in size
and shape to the radio models of all of the other existing
access points.

[0085] Inthis example embodiment, the weighting may
be further dependent upon the number of radio models
32 of the existing access points 30 that are similar in size
and/or shape and/or the degree of similarity between the
radio models of the existing access points. In this regard,
the weighting may have a direct relationship, such as a
proportional relationship, to the number of radio models
of the existing access points that are similar in size and/or
shape. Similarly, the weighting may have a direct rela-
tionship, such as a proportional relationship, to the de-
gree of similarity between the radio models of the existing
access points. The radio model of an existing access
point that is similar in size and/or shape to the respective
radio models of a larger number of other existing access
points will therefore have a greater contribution to the
estimation of the radio model 39 of the first access point
36 than the radio model of an existing access point that
is similar in size and/or shape to the respective radio
models of a smaller number of other existing access
points. Also, the radio model of an existing access point
thatis more similar in size and/or shape to the respective
radio model of another one of the other existing access
points will additionally have a greater contribution to the
estimation of the radio model of the first access point
than the radio model of an existing access point that is
less similar in size and/or shape to the respective radio
models of the other existing access points.

[0086] An additional or alternative weighting factor
may be the relative positions of the first access point 36
and the one or more existing access points 30 to an ob-
stacle 34 to signal propagation within a radio environ-
ment, such as the relative positions with respect to a par-
ticular feature of the obstacle. In this example embodi-
ment, the apparatus 40 includes means, such as the
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processing circuitry 42 or the like, configured to weight
contributions of the respective radio models 32 of the one
or more existing access points to the estimation of the
radio model 39 of the first access point based upon the
relative positions of the first access point and the one or
more existing access points to the obstacle to signal prop-
agation within the radio environment. In an instance in
which the relative positions of the first access point and
an existing access point are the same with respect to the
obstacle, the apparatus, such as the processing circuitry,
of this example embodimentis configured to more greatly
weight the contribution of the respective radio model of
the existing access point that has the same or a similar
relative position to the obstacle to the estimation of the
radio model of the first access point. In contrast, in an
instance in which the relative positions of the first access
point and an existing access point are different with re-
spectto the obstacle, the apparatus, such as the process-
ing circuitry, of this example embodiment is configured
to give less weight to the contribution of the respective
radio model of the existing access point that has a differ-
ent relative position to the obstacle to the estimation of
the radio model of the first access point. Thus, the weight
given to the contribution of a respective radio model of
an existing access point to the estimation of the radio
model of the first access point may have a direct rela-
tionship, such as a proportional relationship, to positional
similarity between the existing access point and the first
access point relative to an obstacle within the radio en-
vironment.

[0087] With respect to the example of Figure 9, a first
access point 36 designated D has the same or a similar
position with respect to the obstacle 34 as the existing
access point 30 designated A. In this regard, the access
points designated A and D are both positioned in general
alignmentwith the longer dimension of the obstacle, such
as by being positioned approximate the shorter sides of
the obstacle, while the other existing access points des-
ignated B and C and have different relative positions with
respect to the obstacle. As such, the radio model 32 of
the existing access point designated A in this example
embodiment may be weighted so as to contribute more
greatly to the shape and size of the radio model 39 of the
first access point 36 designated D than the radio models
of the existing access points designated B and C. In this
example embodiment, the apparatus 40, such as the
processing circuitry 42, is configured to weight the con-
tributions of the respective radio models of the one or
more existing access points to the estimation of the radio
model of the firstaccess point based upon the information
regarding respective positions of the first access point
and then one or more existing access points as well as
information regarding the position and orientation of the
obstacle to signal propagation within the environment.
[0088] The resulting radio model 39 of the first access
point 36, that is, the access point that is new to the radio
environment or the access point that has been reposi-
tioned within the radio environment, may be utilized for
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a variety of different purposes. In one embodiment, how-
ever, the determination that the first access point is a
beamforming access point may permit the use of the
beamforming access point to be restricted at least for
certain purposes, such as by restricting the use of the
beamforming access point for positioning purposes rel-
ative to other access points that are not identified to be
beamforming in order to increase the accuracy and/or
confidence with which the position of a mobile device is
determined. Further details regarding restriction the use
of abeamforming access pointis described, for example,
by U.S. Patent Application No. 17/116,798 filed Decem-
ber 9, 2020, the entire contents of which are incorporated
herein by reference.

[0089] However, as the radio model 39 of the beam-
forming access point 36 is at least partially estimated
based upon the radio model(s) 32 of one or more existing
radio models 30, the radio model of the first access point
may be estimated with more accuracy and, as such, may
be utilized in combination with the radio models of the
existing access points in other embodiments in order to
determine the position of a mobile device within the radio
environment, such as based upon the radio signals from
the differentaccess points that are received by the mobile
device relative to the different radio models of the access
points. In this regard, the position of the mobile device
may be determined to be within a region in which the
radio models that encompass the region correspond to
the access points transmitting the radio signals that are
received by the mobile device. In this example embodi-
ment, the apparatus 40 optionally includes means, such
as the processing circuitry 42 or the like, configured to
determine the location of the mobile device at least par-
tially based upon an estimation of the radio model of the
first access point. See block 58 of Figure 8. In this regard,
the apparatus, such as the processing circuitry, may also
be configured in some, but not all embodiments, to de-
termine the location of the mobile device based upon the
respective radio models of the one or more existing ac-
cess points in addition to the estimation of the radio model
of the first access point.

[0090] In an example embodiment, the contribution of
the estimated radio model 39 of the first access point 36
may be weighted relative to the contributions of the re-
spective radio models 32 of the existing access points
30 to the determination of the location of the mobile de-
vice based upon the number of probe points that have
been collected for the first access point. In this regard,
the apparatus 40, such as the processing circuitry 42,
may be configured to weight the contribution of the esti-
mated radio model of the first access point to the deter-
mination of the location of the mobile device in a manner
that is directly dependent upon, such as by being pro-
portional to, the number of probe points that have been
collected for the first access point. Thus, in an instance
in which only a few probe points have been collected for
thefirstaccess point, the apparatus, such as the process-
ing circuitry, may be configured to correspondingly apply
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a small weight to the contribution of the estimation of the
radio model of the first access point to the determination
of the position of a mobile device relative to the contri-
butions of the radio models of the exiting access points
since the estimation of the radio model of the first access
point is based upon a smaller amount of real data. In
contrast, the contribution of the estimation of the radio
model of the first access point for which a larger number
of probe points have been collected may be more greatly
weighted in regard to the determination of the position of
a mobile device relative to the contributions of the radio
models of the exiting access points. In an example em-
bodiment, the estimation of the radio model of the first
access point for which at least a predefined number of
access points have been collected may be equally
weighted in regards to the determination of the location
of the mobile device with the contributions of the radio
models of the existing access points.

[0091] Once theradio model 39 of the first access point
36 has been initially estimated, the radio model of the
first access point may again be estimated, such as by
updating the initial estimate, as one or more additional
probe points are subsequently collected for the first ac-
cess point. As shown in block 60 of Figure 10, the appa-
ratus 40 of this example embodiment includes means,
such as the processing circuitry 42, the communication
interface 46 or the like, configured to receive one or more
probe points for the first access point following estimation
of the radio model of the first access point. As noted
above, these probe points may be representative of in-
formation collected by a mobile device within the radio
environment based upon radio signals transmitted by the
first access point and received by the mobile device, in-
cluding, for example, an indication of the beam of the first
access point that has transmitted the radio signals.
[0092] Asshowninblock62 ofFigure 10, the apparatus
40 of this example embodiment may also include means,
such as the processing circuitry 42 or the like, configured
to update the radio model 39 of the first access point 36
based upon the one or more probe points. Thus, in an
instance in which a probe point is collected for the first
access point that is outside of the radio model that has
been estimated for the first access point, the apparatus,
such as the processing circuitry, may be configured to
update the radio model so as to now include the region
in which the probe pointis located. As such, the accuracy
of the radio model of the first access point may improve
as one or more additional probe points are collected
based upon radio signals transmitted by the first access
point.

[0093] As shown in Figure 11, the radio model 39 of
the first access point 36 that has been estimated may
also be updated based upon changes to, thatis, updates
to, the radio model 32 of an existing access point 30. As
shown in block 70 of Figure 11, the apparatus 40 of this
embodimentincludes means, such as the processing cir-
cuitry 42 or the like, configured to update the respective
radio model of at least one of the one or more existing
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access points following estimation of the radio model of
the first access point. The radio model of an existing ac-
cess point may be updated for any of a variety of reasons
including, for example, the collection of one or more ad-
ditional probe points for the existing access point that lie
outside of and cause updating of the respective radio
model of the existing access point.

[0094] The apparatus 40 of this example embodiment
also includes means, such as the processing circuitry 42
or the like, configured to determine whether to update
the radio model 39 of the first access point 36 based upon
an updated version of the respective radio model 32 of
at least one of the one or more existing access points
30. In an example embodiment, the apparatus, such as
the processing circuitry, is configured to determine
whether to update the radio model of the first access
point based upon the number of probe points that have
been collected for the first access point. In this regard,
in an instance in which fewer probe points have been
collected for the first access point, the apparatus, such
as the processing circuitry, will be more likely to update
the radio model of first access point based upon updates
to the radio model of an existing access point. Converse-
ly, in an instance in which a larger number of probe points
have been collected for the first access point, the appa-
ratus, such as the processing circuitry, will be less likely
to update the radio model of first access point based upon
updates to the radio model of an existing access point.

[0095] In the illustrated embodiment and as shown in
decision block 72 of Figure 11, the apparatus 40, such
as the processing circuitry 42, is configured to determine
whether at least a predefined number of probe points
have been collected for the first access point 36. In an
instance in which at least the predetermined number of
probe points have been collected for the first access
point, the radio model 39 of the first access point is not
modified or updated so as to take into account any update
of the respective radio model 12 of at least one of the
one or more existing access points 10. Thus, the appa-
ratus of this example embodiment includes means, such
as the processing circuitry, configured to maintain the
radio model of the first access point without updating, as
shown in block 74. Conversely, in an instance in which
the number of probe points that have been collected for
the first access point is less than the predetermined
number of probe points, the apparatus, such as the
processing circuitry, of this example embodiment is con-
figured to update the radio model of the first access point
based upon the respective radio model, as updated, of
an existing access point. See block 66 of Figure 11. Con-
sequently, the accuracy of the radio model of the first
access point may be enhanced based upon an update
to the radio model of an existing access point in an in-
stance in which only a few probe points have been col-
lected for the first access point, such as less than the
predetermined number of probe points. However, in an
instance in which a larger number of probe points have
been collected for the first access point, such as at least
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the predetermined number of probe points, the radio
model for the first access point may not be updated,
thereby conserving computing resources in this instance
since the accuracy of the radio model of the first access
point is likely greater based upon the larger number of
probe points that have been utilized to define the radio
model.

[0096] Asdescribed, amethod, apparatus40andcom-
puter program product are provided in order to accelerate
the estimation of the radio model 39 of a beamforming
access point 36 within a radio environment, such as a
beamforming access point that has been newly added
to the radio environment or a beamforming access point
that is been moved or relocated within the radio environ-
ment. By utilizing the radio models 32 of other existing
access points 30 within the radio environment for pur-
poses of estimating the radio model of the beamforming
access point that has been newly added to or has been
relocated within the radio environment, the radio model
that is estimated in accordance with an example embod-
iment may not only be more quickly defined, but may be
defined with enhanced accuracy relative to radio models
that are defined on the basis of only a few probe points
38.Thus, theradio model thatis estimated by the method,
apparatus and computer program product of an example
embodiment may be utilized to reliably determine the po-
sition of a mobile terminal within the radio environment.
[0097] Figures 8, 10 and 11 illustrate flowcharts de-
picting methods according to an example embodiment
of the present invention. It will be understood that each
block of the flowcharts and combination of blocks in the
flowcharts may be implemented by various means, such
as hardware, firmware, processor, circuitry, and/or other
communication devices associated with execution of
software including one or more computer program in-
structions. For example, one or more of the procedures
described above may be embodied by computer program
instructions. In this regard, the computer program instruc-
tions which embody the procedures described above
may be stored by a memory 24 of an apparatus 40 em-
ploying an embodiment of the present invention and ex-
ecuted by the processing circuitry 42. As will be appre-
ciated, any such computer program instructions may be
loaded onto a computer or other programmable appara-
tus (for example, hardware) to produce a machine, such
that the resulting computer or other programmable ap-
paratus implements the functions specified in the flow-
chart blocks. These computer program instructions may
also be stored in a computer-readable memory that may
direct a computer or other programmable apparatus to
function in a particular manner, such that the instructions
stored in the computer-readable memory produce an ar-
ticle of manufacture the execution of which implements
the function specified in the flowchart blocks. The com-
puter program instructions may also be loaded onto a
computer or other programmable apparatus to cause a
series of operations to be performed on the computer or
other programmable apparatus to produce a computer-
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implemented process such that the instructions which
execute on the computer or other programmable appa-
ratus provide operations for implementing the functions
specified in the flowchart blocks.

[0098] Accordingly, blocks of the flowcharts support
combinations of means for performing the specified func-
tions and combinations of operations for performing the
specified functions for performing the specified functions.
It will also be understood that one or more blocks of the
flowcharts, and combinations of blocks in the flowcharts,
can be implemented by special purpose hardware-based
computer systems which perform the specified functions,
or combinations of special purpose hardware and com-
puter instructions.

[0099] Furthermore, the following exemplary embodi-
ments of the invention are disclosed:

Embodiment 1: A method for accelerating estimation
of a radio model of a first access point, the method
comprising:

determining a presence of the first access point
in a radio environment;

determining that the firstaccess pointis a beam-
forming node and obtaining information regard-
ing one or more of a plurality of beams, wherein
the plurality of beams are transmitted by the first
access point; and

estimating the radio model of the first access
point based at least upon: (i) at least some of
the information regarding the one or more of the
beams transmitted by the first access point and
(i) signal propagation characteristics of one or
more existing access points in the radio envi-
ronment as represented by respective radio
models of the one or more existing access
points.

Embodiment 2: A method according to Embodiment
1, wherein determining the presence of the first ac-
cess point comprises determining the presence of
the firstaccess pointbased atleast upon afirst probe
point representative of radio signals transmitted by
arespective beam from among the plurality of beams
transmitted by the first access point, and wherein
obtaining information regarding the one or more of
the plurality of beams transmitted by the first access
point comprises obtaining information regarding a
total number of beams and an identification of the
respective beam of the first access point providing
the radio signals of which the first probe point is rep-
resentative.

Embodiment 3: A method according to Embodiment
2, wherein estimating the radio model of the first ac-
cess point comprises orienting the radio model of
the first access point based at least in part upon the
identification of the respective beam of the first ac-
cess point in relation to the total number of beams
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of the first access point.

Embodiment 4: A method according to Embodiment
2, further comprising receiving information regarding
a second probe point representative of radio signals
transmitted by another beam of the plurality of beams
transmitted by the first access point, and wherein
estimating the radio model of the first access point
comprises orienting the radio model of the first ac-
cess point based at least in part upon relative posi-
tions of the respective beam and the another beam
in relation to the total number of beams of the first
access point.

Embodiment 5: A method according to Embodiment
2, further comprising receiving information regarding
a second probe point representative of the radio sig-
nals transmitted in the respective beam of the first
access point, wherein the first and second probe
points are associated with different respective loca-
tions and provide information regarding a signal
strength of the radio signals transmitted in the re-
spective beam of the first access point and received
at the respective location, and wherein estimating
the radio model of the first access point comprises
estimating the radio model of the first access point
based at least in part upon the signal strength of the
radio signals represented by the first probe pointand
the signal strength of the radio signals represented
by the second probe point.

Embodiment 6: A method according to Embodiment
1, wherein estimating the radio model of the first ac-
cess point comprises estimating the radio model of
the first access point based upon at least one of a
size or shape of the respective radio models of the
one or more existing access points.

Embodiment 7: A method according to Embodiment
1, wherein estimating the radio model of the first ac-
cess point comprises estimating the radio model of
the first access point based upon at least a shape of
the respective radio models of the one or more ex-
isting access points relative to an obstacle within the
radio environment, wherein the obstacle comprises
an obstacle to signal propagation within the radio
environment.

Embodiment 8: A method according to Embodiment
1, wherein determining that the first access point is
a beamforming node comprises detecting that the
first access point employs beam sweeping to alter
signal strengths of the plurality of beams transmitted
by the first access point over time.

Embodiment 9: An apparatus configured to acceler-
ate estimation of a radio model of afirst access point,
the apparatus comprising processing circuitry and
at least one memory including computer program
code instructions, the computer program code in-
structions configured to, when executed by the
processing circuity, cause the apparatus to:

determine a presence of the first access point
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in a radio environment;

determine that the first access point is a beam-
forming node and obtain information regarding
one or more of a plurality of beams, wherein the
plurality of beams are transmitted by the first ac-
cess point; and

estimate the radio model of the first access point
based at least upon: (i) at least some of the in-
formation regarding the one or more of the
beams transmitted by the first access point and
(i) signal propagation characteristics of one or
more existing access points in the radio envi-
ronment as represented by respective radio
models of the one or more existing access
points.

Embodiment 10: An apparatus according to Embod-
iment9, wherein the computer program code instruc-
tions are configured to, when executed by the
processing circuity, cause the apparatus to deter-
mine the presence of the first access point by deter-
mining the presence of the first access point based
at least upon a first probe point representative of
radio signals transmitted by a respective beam of
the plurality of beams transmitted by the first access
point, and wherein the computer program code in-
structions are configured to, when executed by the
processing circuity, cause the apparatus to obtain
information regarding the one or more of the plurality
of beams transmitted by the first access point by ob-
taining information regarding a total number of
beams and an identification of the respective beam
of the first access point providing the radio signals
of which the first probe point is representative.
Embodiment 11: An apparatus according to Embod-
iment 10, wherein the computer program code in-
structions are configured to, when executed by the
processing circuity, cause the apparatus to estimate
the radio model of the first access point by orienting
the radio model of the first access point based at
least in part upon the identification of the respective
beam of the first access point in relation to the total
number of beams of the first access point.
Embodiment 12: An apparatus according to Embod-
iment 10, wherein the computer program code in-
structions are further configured to, when executed
by the processing circuity, cause the apparatus to
receive information regarding a second probe point
representative of radio signals transmitted by anoth-
er beam of the plurality of beams transmitted by the
first access point, and wherein the computer pro-
gram code instructions are configured to, when ex-
ecuted by the processing circuity, cause the appa-
ratus to estimate the radio model of the first access
point by orienting the radio model of the first access
point based at least in part upon relative positions of
the respective beam and the another beam in rela-
tion to the total number of beams of the first access
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point.

Embodiment 13: An apparatus according to Embod-
iment 10, wherein the computer program code in-
structions are further configured to, when executed
by the processing circuity, cause the apparatus to
receive information regarding a second probe point
representative of the radio signals transmitted in the
respective beam of the first access point, wherein
the first and second probe points are associated with
different respective locations and provide informa-
tion regarding a signal strength of the radio signals
transmitted in the respective beam of the first access
point and received at the respective location, and
wherein the computer program code instructions are
configured to, when executed by the processing cir-
cuity, cause the apparatus to estimate the radio mod-
el of the first access point by estimating the radio
model of the first access point based at least in part
upon the signal strength of the radio signals repre-
sented by the first probe pointand the signal strength
of the radio signals represented by the second probe
point.

Embodiment 14: An apparatus according to Embod-
iment 9, wherein the computer program code instruc-
tions are configured to, when executed by the
processing circuity, cause the apparatus to estimate
the radio model of the first access point by estimating
the radio model of the first access point based upon
at least one of a size or shape of the respective radio
models of the one or more existing access points.
Embodiment 15: An apparatus according to Embod-
iment 9, wherein the computer program code instruc-
tions are configured to, when executed by the
processing circuity, cause the apparatus to estimate
the radio model of the first access point by estimating
the radio model of the first access point based upon
at least a shape of the respective radio models of
the one or more existing access points relative to an
obstacle within the radio environment, wherein the
obstacle comprises an obstacle to signal propaga-
tion within the radio environment.

Embodiment 16: A method for accelerating estima-
tion of a radio model of a beamforming access point,
the method comprising:

following estimation of respective radio models
of one or more existing access points within a
radio environment, detecting that the beamform-
ing access point has been added to or has been
relocated within the radio environment;

obtaining information regarding one or more of
a plurality of beams that have been transmitted
by the beamforming access point; and

estimating the radio model of the beamforming
access point based at least upon: (i) at least
some of the information regarding one or more
of the beams transmitted by the beamforming
access point and (ii) signal propagation charac-
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teristics of the one or more existing access
points in the radio environment.

Embodiment 17: A method according to Embodi-
ment 16, wherein detecting that the beamforming
access point has been added to or has been relo-
cated within the radio environment is based at least
upon a first probe point representative of radio sig-
nals transmitted by a respective beam of the plurality
of beams transmitted by the beamforming access
point, and wherein obtaining information regarding
the one or more of the plurality of beams transmitted
by the beamforming access point comprises obtain-
ing information regarding a total number of beams
and an identification of the respective beam of the
beamforming access point providing the radio sig-
nals of which the first probe point is representative.
Embodiment 18: A method according to Embodi-
ment 17, wherein estimating the radio model of the
beamforming access point comprises orienting the
radio model of the beamforming access point based
at least in part upon the identification of the respec-
tive beam of the beamforming access point in rela-
tion to the total number of beams of the beamforming
access point.

Embodiment 19: A method according to Embodi-
ment 17, further comprising receiving information re-
garding a second probe point representative of radio
signals transmitted by another beam of the plurality
of beams transmitted by the beamforming access
point, and wherein estimating the radio model of the
beamforming access point comprises orienting the
radio model of the beamforming access point based
at least in part upon relative positions of the first and
second probe points in relation to the total number
of beams of the beamforming access point.
Embodiment 20: A method according to Embodi-
ment 17, further comprising receiving information re-
garding a second probe point representative of the
radio signals transmitted in the respective beam of
the beamforming access point, wherein the first and
second probe points are associated with different
respective locations and provide information regard-
ing a signal strength of the radio signals transmitted
in the respective beam of the beamforming access
point and received at the respective location, and
wherein estimating the radio model of the beamform-
ing access point comprises estimating the radio
model of the beamforming access point based at
least in part upon the signal strength of the radio
signals represented by the first probe point and the
signal strength of the radio signals represented by
the second probe point.

[0100] Many modifications and other embodiments of
the inventions set forth herein will come to mind to one
skilled in the art to which these inventions pertain having
the benefit of the teachings presented in the foregoing
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descriptions and the associated drawings. Therefore, it
is to be understood that the inventions are not to be limited
to the specific embodiments disclosed and that modifi-
cations and other embodiments are intended to be in-
cluded within the scope of the appended claims. Further-
more, in some embodiments, additional optional opera-
tions may be included. Modifications, additions, or am-
plifications to the operations above may be performed in
any order and in any combination.

[0101] Moreover, although the foregoing descriptions
and the associated drawings describe example embod-
iments in the context of certain example combinations of
elements and/or functions, it should be appreciated that
different combinations of elements and/or functions may
be provided by alternative embodiments without depart-
ing from the scope of the appended claims. In this regard,
for example, different combinations of elements and/or
functions than those explicitly described above are also
contemplated as may be set forth in some of the append-
ed claims. Although specific terms are employed herein,
they are used in a generic and descriptive sense only
and not for purposes of limitation.

Claims

1. A method for accelerating estimation of a radio mod-
el of a first access point, the method comprising:

determining a presence of the first access point
in a radio environment;

determining that the first access pointis abeam-
forming node and obtaining information regard-
ing one or more of a plurality of beams, wherein
the plurality of beams are transmitted by the first
access point; and

estimating the radio model of the first access
point based at least upon: (i) at least some of
the information regarding the one or more of the
beams transmitted by the first access point and
(i) signal propagation characteristics of one or
more existing access points in the radio envi-
ronment as represented by respective radio
models of the one or more existing access
points.

2. A methodaccording to Claim 1, wherein determining
the presence of the first access point comprises de-
termining the presence of the first access point
based at least upon a first probe point representative
of radio signals transmitted by a respective beam
from among the plurality of beams transmitted by the
first access point, and wherein obtaining information
regarding the one or more of the plurality of beams
transmitted by the first access point comprises ob-
taining information regarding a total number of
beams and an identification of the respective beam
of the first access point providing the radio signals
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of which the first probe point is representative.

A method according to Claim 2, wherein estimating
the radio model of the first access point comprises
orienting the radio model of the first access point
based at least in part upon the identification of the
respective beam of the first access point in relation
to the total number of beams of the first access point.

A method according to any of Claims 2 and3, further
comprising receiving information regarding a second
probe point representative of radio signals transmit-
ted by another beam of the plurality of beams trans-
mitted by the first access point, and wherein estimat-
ing the radio model of the first access point compris-
es orienting the radio model of the first access point
based at least in part upon relative positions of the
respective beam and the another beam in relation
to the total number of beams of the first access point.

A method according to any of Claims 2 to 4, further
comprising receiving information regarding a second
probe point representative of the radio signals trans-
mitted in the respective beam of the first access
point, wherein the first and second probe points are
associated with different respective locations and
provide information regarding a signal strength of
the radio signals transmitted in the respective beam
of the first access point and received at the respec-
tive location, and wherein estimating the radio model
of the first access point comprises estimating the ra-
dio model of the first access point based at least in
part upon the signal strength of the radio signals rep-
resented by the first probe point and the signal
strength of the radio signals represented by the sec-
ond probe point.

A method according to any of Claims 1 to 5, wherein
estimating the radio model of the first access point
comprises estimating the radio model of the first ac-
cess point based upon at least one of a size or shape
of the respective radio models of the one or more
existing access points.

A method according to any of Claims 1 to 6, wherein
estimating the radio model of the first access point
comprises estimating the radio model of the first ac-
cess point based upon at least a shape of the re-
spective radio models of the one or more existing
access points relative to an obstacle within the radio
environment, wherein the obstacle comprises an ob-
stacle to signal propagation within the radio environ-
ment.

A method according to any of Claims 1 to 7, wherein
determining thatthe first access pointis a beamform-
ing node comprises detecting that the first access
point employs beam sweeping to alter signal
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strengths of the plurality of beams transmitted by the
first access point over time.

A method for accelerating estimation of a radio mod-
el of a beamforming access point, the method com-
prising:

following estimation of respective radio models of
one or more existing access points within a radio
environment, detecting that the beamforming access
point has been added to or has been relocated within
the radio environment:

obtaining information regarding one or more of
a plurality of beams that have been transmitted
by the beamforming access point; and
estimating the radio model of the beamforming
access point based at least upon: (i) at least
some of the information regarding one or more
of the beams transmitted by the beamforming
access point and (ii) signal propagation charac-
teristics of the one or more existing access
points in the radio environment.

A method according to Claim 9, wherein detecting
that the beamforming access point has been added
to orhas been relocated within the radio environment
is based at least upon a first probe point represent-
ative of radio signals transmitted by a respective
beam of the plurality of beams transmitted by the
beamforming access point, and wherein obtaining
information regarding the one or more of the plurality
of beams transmitted by the beamforming access
point comprises obtaining information regarding a
total number of beams and an identification of the
respective beam of the beamforming access point
providing the radio signals of which the first probe
point is representative.

A method according to Claim 10, wherein estimating
the radio model of the beamforming access point
comprises orienting the radio model of the beam-
forming access point based at least in part upon the
identification of the respective beam of the beam-
forming access point in relation to the total number
of beams of the beamforming access point.

A method according to any of Claims 10 and 11,
further comprising receiving information regarding a
second probe point representative of radio signals
transmitted by another beam of the plurality of beams
transmitted by the beamforming access point, and
wherein estimating the radio model of the beamform-
ing access point comprises orienting the radio model
of the beamforming access point based at least in
part upon relative positions of the first and second
probe points in relation to the total number of beams
of the beamforming access point.
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A method according to any of Claims 10 to 12, further
comprising receiving information regarding a second
probe point representative of the radio signals trans-
mitted in the respective beam of the beamforming
access point, wherein the first and second probe
points are associated with different respective loca-
tions and provide information regarding a signal
strength of the radio signals transmitted in the re-
spective beam of the beamforming access pointand
received at the respective location, and wherein es-
timating the radio model of the beamforming access
point comprises estimating the radio model of the
beamforming access point based at least in part up-
on the signal strength of the radio signals represent-
ed by the first probe point and the signal strength of
the radio signals represented by the second probe
point.

An apparatus comprising means configured for per-
forming the method of any of Claims 1 to 13.

An apparatus according to claim 14, wherein the
means comprise processing circuitry and at least
one memory including computer program code in-
structions, the computer program code instructions
configured to, when executed by the processing cir-
cuity, cause the apparatus to perform the method of
any of claims 1 to 13.
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